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TREATMENT  OF  SEVERE  THERMAL  BURNS  WITH  DlGOXlN 
AND  INTRAVENOUS  FLUIDS 


INTRODUCTION 

Burn  shock  endanger  ;  the  patient  principally  during  the  firnt 
24  !o  4H  he  ir?  »nA  i»  responsible  iv>r  many  deaths  from  burn:;  ()).  The 
i*<%rdiodyn*rmv  factors  usually  a.H^ou ialecj  with  burn  shock  include  de¬ 
creased  ^-rdiac  output,  peripheral  vasoconstriction,  decreased  blood 
volume,  ai'id  k  late  fall  in  arterial  blood  pressure  ( L ).  Blalock  (1,  4} 
and  ul*ier*>  (6  ICJ  have  :;om  luded  that  the  principle  factor  in  theproduc- 
tionol  burn  shwk  inhuman:;  and  ar.’.mals  in  a  reduction  m  venous  return 
to  the  heart  from  U»r,s  of  p]*  -m*  into  the  burned  area.  Harkins  (6)  and 
Evans  cv  »1  (10)  Have  studied  this  (hud  loss  carefully,  and  the  latter 
group  ha:»  developed  a.  formula  /or  calculating  the  fluid  required  to  re 
store  blood  volume. 

Work  at  this  laboratory  (II)  recently  demur strated  that  cardiac 
output  m  dogs  invariably  falls  precipitously  following  burn  before  there 
is  any  <  bange  in  blood  volume,  heart  rate,  or  right  atrial  pressure. 
The.  observation  w  a  :  t  unarmed  by  .Dobson  and  Warner  (12)  and  by 
si  udie:.  at  the  Brooke  Army  Medical  Center  (13).  In  addition.  Hardy 
el  al  { 1 4)  measured  cardiac  output  in  human.;  during  the  first  day  follow¬ 
ing  burn  and  found  a  low  average  output  o.\  J.?  liters/minute  in  six  sub¬ 
jects  studied  by  the  T  1S24  dye.  dilution  method, 

Several  possible  theories  are  available  to  explain  the  iaL  m 
cardiac  output  in  the  presence  o'  a  normal  blood  volume,  f  irst,  blood 
may  be  ’’trapped”  and  not  available  to  the  general  circulation.  If  this 
is  true,  then  expansion  of  the  blood  volume  by  intravenous  fluids  might 
be  expected  to  restore  cardiai  output.  However,  Gilmore  (16)  reports 
minimal  offset  on  thfc decreased  <us-diAc  output  1  rum  infusions  which  in¬ 
creased  plasma  volume  a.;  much  a?-.  17  percent  above  normal  amJcausod 
a  rise  in  tight  atrial  pressure.  H*' m  p  lu»  r  a  1  vamu  on  strict  ion  might  lead 
roflexly  to  a  dec  jii  cardiai  however,  a  sympatholytic  agent 

{diberamim* )  did  >h»1  modi' y  U  :  iaiiw  output  change  alter  burns  (16). 

A  third  po:;:itb.’t  mvi  w.,m  to  explain  the,  cardiac  output  fall 
ip  primary  myocardial  injury.  Several  finding**  support  this  theory*. 
(1)  cardiac  output  farK  \o  He  t»re*.#*n«  e  of  a  normal  blood  volume  and  is 
not  renter i  d  by  a.i  ru  rra.  c  i»  volume,  (2)  right  al  rial  pre ‘.sure  does 
not  fall  along  with  H  i  carliai  output,  and (  1)  the  decrease  in  output  »*»  a 
result  of  a  decrease  ir  ,.t  r<ike  volume.  If  direct  myocardial  injury  dm:.*; 
occur,  a  beneficial  <  Mr  M  «mh*H  *«•  oblHO  *-d  by  treatment  w»U*  drugs 
which  increase  the  lii'ir  i.«  my,  car-ha1  contraction.  To  test  thin  ponsi 
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bility,  burned  animals  were  treated  in  the  present  experiments  with 
tUgoxin  and/or  fluids,  and  cardiac  output  was  measured. 


MATERIALS  AND  METHODS 

Thirty -eight  mongrel  dogs  (mean  wetgnl  ~  11.3  kg;  range 
(*.  2-IK.I  kg)  were  divided  into  seven  groups  of  f,ve  or  six  animals  each 
and  were  treated  aa  follows:  Group  A  -  no  treatment;  Group  B  -  digoxtn 
after  the  one  hour  postburn  measurement;  Group  G  -  fluids  after  one 
hour;  Group  D  -  both  digoxln  and  fluids  after  one  hour;  Group  E  -  fluids 
immediately  after  burn;  Group  F  -  digoxin  immediately  after  burn;  and 
Group  G  -  fluids  and  digoxin  Immediately  after  burn. 

The  preparation  of  animals,  procedures  for  inflicting  the  burn, 
and  methods  of  measuring  blood  pressure  have  been  described  elsewhere 
in  detail  (li).  Cardiac  output  was  measured  by  externally  monitored 
radioiodinated  serum  albumin  (RISA)  dilution  curves  (17).  Plasma 
volume  waa  measured  by  RISA  dilution,  utiii/.ing  an  exlrapolaled  iG 
value  (17).  Dextran*  was  used  aa  the  fluid  for  blood  volume  expansion 
and  was  pivan  intravenously  by  slow  drip  in  quantity  estimated  from 
control  studies  to  restore  blood  volume  to  normal.  Digoxin**  was  given 
slowly  intravenously  in  an  average  dose  of  0.  OH  mg/kg. 

The  experimental  procedure  was  as  follows:  the  animals  were 
anesthetized  with  30  mg/kg  pentobarbital  sodium  intravenously .  Cardiac 
output,  blood  volume,  femoral  arterial  pressure,  and  heart  rate  were 
measured  and  a  20  cal/cm^  30  per  cent  body  surface  burn  was  accom¬ 
plished,  The  measurements  were  repealed  at  one,  two,  and  three  or 
four  hours  postburn.  Digoxtn  was  given  and/or  fluids  begun  at  the  times 
described  above:  Survival  was  not  measured  beyond  the  fourth  hour. 


RESULTS 

Cardiac.  Output  and  Blood  Volume 

Each  change  or  difference  described  m  the  results  had  a  value 
fur  F  <.03  by  Student's  ”1”  test.  The  small  control  series  (Figure  i-A, 


*  Expandcx,  6  per  cent,  in  isotonic  sodium  chloride,  Baxter 
Laboratories,  Inc. 

**  Lanoxin,  Burroughs  Wellcome  and  Co. 
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Tables  1  arid  2)  is  representative  of  larger  studies  previously  repotted 
{•H).  Cardiac  output  fell  to  4b  per  cent  of  control  values  by  one-hour 
postburn  and  continued  to  decline  slowly,  reaching  36  per  cent  by  four 
hours.  Blood  volume  decreased  by  18  per  cent  after  one  hour  and  fell 
additional  8  per  r«nt  hv  four  hour*.  When  treatment  w»*  withheld 
until  alter  the  first  hour  measurement  {Groups  B,  C,  and  D),  cardiac 
output  had  fallen  tu  51  per  cent  {not  significantly  different  from  the 
cent  roll. 


Upon  restoration  of  blood  volume  alone  by  administration  of 
fluids  one  hourpootburn  {Figure  l  -C),  output  rose  to  68  percent  of  con¬ 
trol  and  stabilized  at  that  level.  Whet,  digoxin  alone  was  given  following 
the  one-hour  measurement  (Figure  1-B),  cardiac  output  rose  to  7  1  per 
cent,  or  the  same  increase  as  that  resulting  from  restoration  of  volume. 
However,  output  declined  severely  in  this  letter  group  in  the  two  in¬ 
stances  measured  at  four  hours.  Blood  volume  lost  was  not  influenced 
by  digoxin  administration.  When  blood  volume  was  restored  and  digoxin 
was  also  given  {Figure  1-D,  one  hour  postburn,  output  rose  to  135  per 
cent  of  control. 

When  fluid  was  begun  immediately  postburn  {Figure 

1-E)  to  prevent  any  fall  in  blood  volume,  the  initial  fall  in  cardiac  out¬ 
put  was  not  prevented;  however,  by  two  hours  postburn,  the  caraiac  out¬ 
put  had  risen  to  78  percent  of  c  ont  rol  and  was  maintained  at  that  level. 
Digoxin  given  immediately  postburn  (Figure  1«F>  reduced  the  extent  of 
the  output  decline,  with  an  average  value  of  74  per  cent  of  control  by 
four  hours  postburn.  Once  again,  no  effect  was  rioted  on  blood  volume 
loss.  When  both  digoxin  and  fluids  were  begun  immediately  postburn 
(Figure  l-G),  cardiac  output  was  maintained  at  control  levels. 


Blood  Pressure  and  Heart  Hate 

In  general  blood  pressure  and  heart  rate  fell  slightly  following 
burn  and  returned  to  control  levels  by  four  hours  (Table  3).  Treatment 
by  any  of  the  methods  employed  did  not  modify  this  pattern.  Specifically, 
no  decrease  in  heart  rate  was  found  tn  those  receiving  digoxin. 


DISCUSSION 

Either  adequate  fluid  therapy  or  digitalization  was  partially 
effective  in  preventing  the  fall  in  cardiac,  output  or  in  restoring  »■  to 
control  levels.  In  Group  C  blood  volume  restoration  after  one  hour  led 
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SUMMARY 


The  effect  of  early  treatment  of  burn  shock  in  dogs  with  fluid 
replacement  and/or  digoxin  are  described.  Fluids  or  digoxin  partially 
restore  cardiac  output,  but  both  are  required  io  restore  now  to  normal 
or  to  prevent  its  fall.  These  findings  suggest  that  there  ii»  an  element 
of  myocardial  failure  immediately  after  burn,  which  may  be  effectively 
treated  with  the  cardiai  g1  /cosides.  This  therapy  is  iuggeated  fl) 
before  fluids  are  available  for  use  and  f21  in  addition  to  adequate  fluid 
therapy. 
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^  DASA- 1151, 

AD-227900, 

STATEMENT 

A 

iS 

-DASA- 13 55- 

1,  AD-336443,  STATEMENT 

A‘ 

-  DASA- 1298, 

AD-285252, 

STATEMENT 

A^ 

-  DASA- 12  90, 

AD-444208, 

STATEMENT 

A' 

-  DASA- 1271, 

AD-276892, 

STATEMENT 

A^ 

* DASA- 1279, 

AD-281597, 

STATEMENT 

A 

~  DASA- 1237, 

AD-272653, 

STATEMENT 

A 

-  DASA- 1246, 

AD-279670, 

STATEMENT 

A 

-  DASA- 1245, 

AD-419911, 

STATEMENT 

A 

_  DASA- 1242, 

AD-279671, 

STATEMENT 

A 

-  DASA- 1256, 

AD-280809, 

STATEMENT 

A 

x  DASA- 1221, 

AD-243886, 

STATEMENT 

A 

"  DASA- 1390, 

AD-340311, 

STATEMENT 

A- 

p 

-  BASA-i^8-3r 

-AB— 7-1-7S9-7 

STATEMENT 

A 

-  DASA-1285-5, 

~  DASA- 1714,  AD-473132, 


AD-443589,  STATEMENT 
STATEMENT  A 
STATEMENT 
STATEMENT 
STATEMENT 
■STATEMENT 


A 


- DASA- 2214, 

DASA- 2  627, 

-  DASA-  2  651, 

--BftSA-2  53  6, 

-  DASA-2722T-V3,  AD-518506,  STATEMENT 
-DNA-3042F,  AD-525631,  STATEMENT  A 
"DNA- 2 8 2 1 Z - 1 ,  AD-522555,  STATEMENT  A 


AD-854912, 

AD-514934, 

AD-514615, 

AE^876697T 


A 

A 

A 

A- 


A 


If  you  have  any  questions,  please  call  me  at  703-325- 


1034  . 


efl  n  duit-lo 

ARDITH  JARRETT 

Chief,  Technical  Resource  Center 


r* 


